The interest of biologists in hydrazino compounds has progressively arisen as a result of three different but related factors: ( 1) their toxicity including mutagenic, carcinogenic and teratogenic effects; ( 2 ) their pharmacological properties and their subsequent use in experimental and in human therapeutics, mainly as tuberculostatics and antidepressors; (3) their increasing occurrence in the environment, a consequence of their industrial applications in metal processing, in organic chemistry and as aerospace energy fuels.
Most hydrazine derivatives exert a wide spectrum of chemical reactions as strong bases, chelating agents, free radical sources or vigorous reducing compounds; moreover, hydrazine and its derivatives possessing a free -NH, group can trap carbonyl compounds to give the corresponding hydrazones and water (Patay, 1975) . This reaction occurs in vivo (Juchau & Horita, 1973) with natural carbonyl compounds, pyruvic acid or a-ketoglutaric acid, after administration of fl-phenylethylhydrazine (phenelzine), of isonicotinylhydrazide (isoniazid) or of monosubstituted hydrazines metabolized from I-isopropyl-2-isonicotinylhydrazide (iproniazid). Special attention must be paid to the reaction of hydrazines with the aldehydic group of pyridoxal-5'-phosphate (PLP), as PLP is the coenzyme involved in major reactions of amino acids metabolism as decarboxylation (Gunsalus et al., 1944) or transamination (Schlenk & Snell), 1945) : the initial step of these metabolic pathways is the formation of a Schiffs base, a reaction very similar to hydrazone production. In most cases, hydrazino compounds behave as inhibitory compounds towards PLP-enzymes (Holtz & Palm, 1964) ; a fewer examples of favourable effects are known (Gonnard & Nguyen Chi, 1958) .
In this communication, the reactivity of several hydrazino compounds with PLP and pyridoxal (PL) has been investigated at different pH values; the hydrazine derivatives were compared with some structurally related amines, with amino acids and with amino alcohols. As PLP and PL undergo significant spectral changes when their carbonyl group reacts with a free -NH2 group (Metzler, 1957) , u.v.-visible spectrophotometry was selected as the method of choice for studying this type of reaction. Some of our results are shown in Table 1 : the reaction rates can be easily evaluated by measuring the variations of absorbance versus time, at the chief spectral maximum which characterizes the molecular species present at a given pH.
Abbreviations used: PLP. pyridoxal-5'-phosphate: PL, pyridoxal The reaction of free hydrazine (hydrazine hydrate) with PLP is very sensitive to pH variations which influence the -NH2 group and the aldehyde group of the coenzyme differently: in acidic medium, the ionization of-NHz to -NH: lowers its reactivity, whereas H+ protonates the carbonyl group, thus catalysing its condensation with nucleophilic agents. We have observed higher reaction rate at pH 7.5, a pH value close to physiological conditions; at all pH values, the initial rate decreased rapidly and the condensation reaction was practically complete (Fig. 1) after 5 min (pH 7.9, 15min (pH 5.5), 50min (pH 9.5) and 55min (pH 3.5).
Pyridoxal is much less reactive than PLP towards hydrazine: in order to obtain appreciable spectral changes, a five-fold concentration (2.5 mM) of hydrazine must be used. The formation of the hydrazone is more influenced by pH variations, as the condensation reaction is practically negligible at pH 3.5 and occurs with a very low rate at pH 5.5; at pH 7.5, the condensation reaction stops after only 45 min (instead of 5 min for PLP, despite the concentration of 0.5 mM hydrazine). The low reactivity of pyridoxal may be related to the formation of the hemicetal, a reaction favoured in acidic medium.
The reaction of the different monoalkylhydrazines (methyl-, ethyl-, n-propyl and butyl-hydrazine) tested towards PLP closely parallels the reaction of the unsubstituted parent Table 1 . A = absorbance at the main spectral maximum. Table I . Reuction of somi. kj.druzino compounds und reluted suhstcinces with PLP or PI, PLP or PL (0.1 mM) and hydrazine or hydrazino compound (0.5 or 2 . 5 m~) were dissolved in various buffers: 0.1 M-sodium citrate/HCl (pH 3.9, 0.06 M-KH,PO,/ NalHPO, (pH 5.5 or 7.5) or O .~M -N~H C O~/ N~, C O , (pH 9.5). The absorbance was determined after different times of incubation at 23"C, in 0.5 cm path length quartz cells, using a DMS 90 Varian recording spectrophotometer. AA, differences in absorbance measured at the principal spectral maximum ). NR, no reaction. Compounds possessing a -C@NH-NH? group, e.g. semicarbazide. benzhydrazide and isoniazid, also showed high reaction rates with PLP in acidic medium; semicarbazide, in contract to isoniazid, gave no reaction a t pH 9.5.
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Several aliphatic monoamines, in the same concentration conditions (0.5 mM) as the corresponding monoalkylhydraLines, showed no reaction; when the concentration of the amino compound was raised to 2.5 mM, only minor spectral changes could be seen.
Different a-amino acids (0.5 mM), although physiological substrates of PLP-enzymes, were unreactive or resulted in minute spectral modifications (2.5 mM). The huge difference between hydrazine derivatives and amino acids regarding their reactivity towards PLP parallels the interference of hydrazino compounds with PLP-enzymes. In the simple systems used in this communication, and in the absence of any biological catalyst, a n unreactive zwitterion form of a-amino acid is present. The non-enzymatic transamination of PLP or PL, for which a Schiff's base must primarily be formed, is only observed when divalent metal ions are present (Metzler ct a/., 1954) or in ethanolic solution (Matsuo, 1957) , two conditions which eliminate the zwitterion species; in biological systems, the role of enzyme is not only to trap PLP through its phosphoric group, but also to accept a non-zwitterionic reactive form of the amino acid.
Aminoethanol, whcih can not form a zwitterion, appeared to be somewhat more reactive than glycine, the corresponding amino acid.
